Abstract
Introduction
compared. Between January 2014 and June 2016, consecutive patients admitted to our pneumology ward due to COPD exacerbation were included until the defined sample size was reached according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines [1] . Patients with any psychic limitation that prevented them from performing the correct spirometric maneuvers, who presented with a contraindication for this test and those that were shown by spirometry to have no airflow obstruction before discharge,orwho presented with a new exacerbation in the first 8 weeks after discharge were excluded.
Study protocol
Admission variables were collected 24-48 hours prior to discharge using a standardized questionnaire administered by a nurse specialized in research projects.
Variables included age, sex, education level (primary, secondary, or university), place of residence, personal history (current or former tobacco exposure, pack-years, previous asthma diagnosis, previous COPD diagnosis, and number of exacerbations and hospitalizations in the previous 12 months), clinical situation before discharge (Charlson Comorbidity Index, dyspnea according to the modified British Medical Research Council [mMRC] scale [19] , and COPD Assessment Test [CAT] [20] ), and data from discharge (pharmacological treatment after discharge and hospitalization duration in days).
Spirometry was performed after a bronchodilator test (30 min after administering nebulized 2.5 mg salbutamol and 0.5 mg ipratropium bromide) with a Datospir 120 spirometer (Sibelmed, Barcelona) in which we included the body mass index (BMI), forcedvital capacity (FVC), forced expiratory volume in the first second (FEV 1 ), and the FEV 1 /FVC ratio. FVC and FEV 1 values were collected as absolute and relative, as a percentage of the predicted value following Spanish reference values [21] and recommendations [22] . Relative FEV 1 values were classified according to GOLD cut-offs [1] as mild (!80%), moderate (50-79%), severe (30-49%), and very severe (<30%). Finally, blood count was obtained in order to determine the number of eosinophils.
Patients were reviewed at the outpatient clinic 8 (±1) weeks after discharge. The CAT and mMRC questionnaires, as well as a new spirometry test, were performed by the same nurse with the same spirometer. All spirometries (both prior to discharge and at follow-up) were performed during the mornings from 09:00 to 13:00 h. After this visit, monthly passive follow-up was carried out for a minimum of 6 months by reviewing electronic medical recordsin order to assess readmissions due to COPD exacerbation and the number of emergency room visits.
For the purpose of this study, an increase in FEV 1 ! 200 mL was considered because it is usually significant and may be clinically important according to ERS/ATS recommendations [23] .
Statistical analysis
A descriptive analysis was performed for all included variables. Results were expressed as percentages and absolute frequencies for the qualitative variables and as mean and standard deviation for the numeric data. Data were analyzed using the statistical package IBM SPSS Statistics 21.0 (IBM Corporation, Armonk, NY). The numbers of readmissions and emergency room visitswererecorded absolutely and adjusted by the number of follow-up months for each patient for the comparative analysis in order toobtainan annualized value.
The student T test was used to comparequantitative variables between discharge and evaluation at 8 weeks. The other cross-sectional comparisons between numerical variables were performed using T tests for independent data after evaluatingvarianceequalitywith the Levene test. Chi-square or McNemar tests were used for qualitative variables in longitudinal or transversal studies, respectively.
Pearson correlation tests (r) estimating the determination coefficient (R   2   ) were performed in order to study the association between both spirometry measurements. Their concordance at determining the existence and severity of airflow obstruction was evaluated using Cohen's Kappa index. The intraclass correlation coefficient was used with its 95% confidence interval (CI), as well as Bland Altman graphs, to assess the concordance of FVC and FEV 1 measurements at discharge and follow-up.
Parameters obtained from a pilot study with the first 24 patients (data not published) were used to estimate the necessary sample size to find differences between spirometric values. An estimated 98 patients had to be recruited to achieve 80% power with a significance level of 5%.
Ethics
This study was approved by the Galician Committee of Clinical Trials and Research (file number 2014/608). All patients provided written informed consent.
Results

Patient characteristics
The patient flowchart is given in Fig 1. A total of 179 consecutive patients were included after being admitted for COPD exacerbation. Valid maneuvers could be obtained in 170 (95%) cases. At 8 weeks, 3 (2.8%) patients were excluded after spirometry detected no obstruction. Another two patients were excluded because spirometry was performed at 4 and 12 weeks instead of 8 weeks by mistake. The main characteristics of the 100 patients with an obstructive spirometry result who could be assessed at 8 weeks are described in Table 1 . Three patients with an FEV 1 /FVC ratio of 65-69% in pre-discharge spirometry had no obstruction after 8 weeks. Of the 100 patients, 80 had COPD diagnosed based on obstructive spirometry and 3 on the basis of clinical criteria, whereas 17 had no previous diagnosis of any pulmonary obstructive disease.
Spirometric changes
The mean values for spirometric parameters after bronchodilator administration at discharge and 8 weeks are givenin Table 2 . These results show significant improvements in all parameters.
The mean FEV1 improvement (SD) at 8 weeks of patients with a previous spirometric diagnosis was 0.048 (0.22) L versus 0.218 (0.41) L in those who did not have an obstructive spirometry before admission (p = 0.09).
The correlation between FEV 1 at discharge and 8 weeks (Fig 2A) Table 3 . The number of patients with GOLD 2, GOLD 3, and GOLD 4 obstruction before discharge was 20%, 37%, and 43%, respectively, and 25%, 46%, and 29% after 8 weeks. The Kappa index was 0.588 (p<0.001). Based on the GOLD functional classification at discharge, the percentage of patients with an increase ! 200 mLin FEV 1 was 20% for GOLD 2, 24.3% for GOLD 3, and 32.6% for GOLD 4. Table 1 shows the variables collected according to whether there was an increase in FEV 1 levels 8 weeks after discharge; none of them were related to the analyzed improvement in spirometry results.
Clinical changes and their relation to FEV 1
Patients with important increases in FEV 1 
Follow-up
Patients were followed for 20 (9.5) months(range 6-38 months). The total number of readmissions was 1.69 (2.31) per patient, 0.08 (0.12) after adjusting for the number of follow-up months. The number of readmissions in patients with >200 mL improvement in FEV 1 was 0.04 (0.07), and in those without improvements was 0.10 (0.13) (p = 0.04).
The overall number of emergency room visits was 1.72 (2.74) per patient, 0.09 (0.14) after adjusting for the number of follow-up months. The number of visits for patients with >200 mL improvement in FEV 1 was 0.06 (0.10), and in those without improvements was 0.10 (0.16) (p = 0.15). Eight patients died during follow-up, one (3.7%) in the group with FEV 1 improvement and 8 (11%) in the group without improvement (p = 0.25).
Discussion
The present study describes changes in spirometry when measured before hospital discharge due to COPD exacerbation and in the stable phase 8 weeks after discharge. One important finding is that it is possible to perform spirometry with acceptability and reproducibility criteria during a hospital admission. Another finding isthat spirometry performed before discharge is reliable for the diagnosis of the disease with some variation in the classification of spirometric severity. However,no clinical variable indicates which spirometry parameter will improve at 8 weeks; those that do improve have a better mean term evaluation. Therefore, spirometry before discharge would be desirable to confirm the diagnosis and obtain other prognostic information at follow-up.
In previous studies, the number of patients with COPD exacerbation who were able to perform spirometry with validity and reproducibility ranged from 69% to 90% [15, 17, 18] . These data, converging with our own, seem to suggest that the number of adequate maneuvers increases with the number of days since admission [15] . This aspect could have influenced the high percentage of valid spirometry measures in Rea et al. [12] or our study, in which spirometry was performed around the 4th and 6th day,respectively.
In more than 90% of cases without prior confirmation, spirometry shows obstruction (data not shown), which indicates a high reliability of the clinical diagnosis in these cases, although spirometry in these cases would also be useful to estimate the degree of obstruction.
It is important to keep in mind that, in a remarkable number of patients, it is not possible to perform spirometry at 8-12 weeks of discharge (at baseline conditions) as recommended in the guidelines [1, 2] due to more than a third of them presenting with new exacerbations, poor evolution of the present disease, or other problems that do not allow spirometric assessment after discharge. Cushen et al. [18] performed a functional follow-up during and after hospital admission for acute exacerbation of COPD (AECOPD); 52% of the patients presented new exacerbations. This is especially important in COPD populations at high risk of exacerbations and reduced pulmonary function, such as those included in our study and those who routinely enter the hospital [10, 16, 24] . The feasibility of spirometry before discharge in most patients and the difficulty performing it in the following weeks could be an argument in favor of performing this test during admission for AECOPD, asit would allow the diagnostic suspicion to be reinforced in patients without spirometric confirmation or allow the functional severity of the disease to be approximated.
Another remarkable finding in our study is that pre-discharge spirometry has acceptable reliability compared tospirometry performed at baseline, though the values are significantly lower. In the scarce studies available, the results obtained with regard to this issue are very different. Cushen et al. [18] observed an average increase of 180 cc in the first 2 weeks (from day 0 of exacerbation) in patients who do not present exacerbations after hospital discharge, but this figure seems to stabilize and not increase at day 42. However, Rea et al. [14] observed an average increase of 40 mL in FEV 1 between hospital discharge (± 4 day of admission) and 30 days after, but this difference was not significant. In a small sample of patients, Parker et al. [16] did not observe differences in mean FEV 1 between day 0 and 7 of AECOPD, but observed a subsequent increase of 120-130 mL on days 14 and 30, reaching 240 mL on day 60 with respect to day 0. Although all studies included patients with a mean FEV 1 of 35-40% and~1 L, some of these differences could be explained by the limited sample sizes of these three studies or their different designs. In addition, it could represent populations of COPD patients with different phenotypic profiles, differences in their multidimensional evaluations, or even different therapeutic management. The clinical relevance of an average increase in FEV 1 of 80 mL after 2 months of exacerbation, as found in our study, would need to be examined. As in the study by Rea et al. [14] , the increase was inversely proportional to the FEV 1 value measured at discharge but not reached when the study population was subdivided into functional groups, though it can guide the intensity of the expected improvement. Although there were changes in GOLD classification prior and after discharge, it was with an acceptable concordance. Given that some drugs such as inhaled corticosteroids are indicated in exacerbating patients below a level of FEV1, the variations observed in FEV1 could influence the adequate selection of the combination of inhaled drugs.
Notably, at 2 months spirometry was no longer obstructive in 2.8% of patients, which is significantly lower than in previous similar studies; Rea et al. measured a 7.4% improvement [14] . In addition, population-based studies of COPD have founda reversibility to normality of 12% at 12 years [25] .
More than a quarter of patients had FEV 1 improvements of !200 mL at 8 weeks. These changes have discrete but significant consequences on the clinical impact of the disease as measured by the CAT questionnaire, but not on dyspnea determined by the mMRC scale. Patients with significant improvements in FEV 1 had mean decreases in the CAT score of approximately 3 points compared to those who did not functionally improve, which may exceed the clinically important difference described by other authors [26, 27] . Although this questionnaire correlates well with recovery from exacerbations [28] , our study is the first to relate it to an improvement in lung function [18] . On the other hand, we observed that an increase inFEV 1 of !200 mL at 8 weeks is also related to a lower risk of rehospitalization due to AECOPD in the following months; although significant differences were found, there appears to be a small tendency for this group of patients to die less frequently. Future studies should confirm or discard this association; if these findings are confirmed, the spirometric changes at 8 weeks with respect to discharge would have relevant prognostic value, allowing patients with a progression other than the disease to be identified, which would be an opportunity for preventive intervention.
We have not found sociodemographic or clinical-functional variables that allowus to predict which patients will present an important spirometric improvement. Although without reaching a statistical significance, we observed a trend towards a relevant increase in FEV1 in active smokers and patients with a lower FEV1 prior to discharge. We expect variables such as asthma, COPD overlap syndrome (ACOS), a previous positive bronchodilator test, eosinophils in peripheral blood, or previous total IgE to be related to a functional improvement [2] due to potentially greater functional variability. However, our data do not support this hypothesis. One possible explanation is that pre-discharge spirometry was performed almost 1 week after admission and, during that time, all patients received high doses of bronchodilators and intravenous steroids, which may have caused an improvement in function. Although, it could also be due to the fact that sample size is not enough to reach these conclusions.
Among the strengths of the present study are the high number of patients included and number of variables compared to previous studies. However, the study also has some limitations, such as being performed in a single center. Thus, our findings should be confirmed in future studies.
Our study included patients with a confirmed diagnosis of COPD before their admission and patients who did not have a confirmatory spirometric test, since the aim of this study was to assess the reliability of the spirometry performed prior to discharge, comparing it with the one performed 8 weeks after discharge; not intending to test the usefulness of spirometry during admission to confirm the diagnosis in cases with suspicion of COPD or with the diagnosis made exclusively based on clinical criteria. Although the differences were not significant, it seems that the latter present greater functional improvements, an aspect that should be taken into account and studied specifically in future studies, including only patients without previous diagnosis of COPD.
In addition, the 200 mL cut-off used in this study could be debatable for the consideration of significant spirometric improvement at 8 weeks. We performed different evaluations (data not shown) considering other cut-off points with improvements of 100 or 150 mL and 12% in FEV 1 and FVC, but these changes do not relate to clinical changes or subsequent events as readmissions. These results confirm data from the ERS/ATS recommendations. 23 In summary, the present study provides information about the role of pre-discharge spirometry in hospitalized patients with a diagnosis of AECOPD. Our data confirm that spirometry after several days of admission due to AECOPD is valid and reproducible in most patients, allowing us to confirm the diagnosis and contribute to its functional evaluation. The reliability of spirometry before discharge compared to spirometry performed weeks later in the stable phase is adequate, and the significant improvement in the FEV 1 correlates with changes in the clinical impact of the disease andisa predictor of later events. If these findings were confirmed in similar studies, the data would indicate that current recommendations on the value of this test could be modified during and after the hospitalization of patients admitted for COPD exacerbation.
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